Background: In light of China's unique ethnic and sociocultural context, and a marked rise in HIV prevalence among MSM, it is important to determine prevalence, genotypes and predictors of anal human papillomavirus (HPV) among HIV-infected and uninfected men who have sex with men (MSM) in Beijing, China.
INTRODUCTION
Human papillomavirus (HPV) is a DNA papovavirus that is the most common viral sexually transmitted infection (STI) worldwide. [1] [2] [3] Although most HPV infections are transient and clinically unapparent, HPV is the focus of much attention because of its causal link to certain cancers. HPV research has focused largely on females and its association with cervical cancer and to a lesser degree anal, penile, oral, and other squamous cell carcinomas in men and women.
Previous studies show that infection of high-risk HPV types is associated with factors such as sexual debut at an early age and HIV infection. 1, 4, 5 Several types of HPV are linked to anal cancer and its precursor lesions. Estimates show that 10%-46% of patients infected with oncogenic HPV types, such as 16, 18, 31, 33, 35, 45, 52 , and 58, will develop subclinical HPV infections. 7, 8 HPV-16 has the highest degree of association with anal cancer, detected in 70% of cases in population-based studies. [7] [8] [9] Anal sex, and especially receptive anal sex, is a strong behavioral risk factor for transmission of HPV and HIV. 2, 3 Epidemiological evidence shows that incidence for anal cancer and penile cancer among men who have sex with men (MSM) is increasing. [10] [11] [12] [13] [14] [15] Although anal and penile cancers are rare diseases in the general population, incidence rates for anal cancer and anal intraepithelial lesions, and for penile intraepithelial lesions, are particularly high among those infected with HIV. 16 Therefore, it is important to explore behavioral associations of HPV infection while accounting for HIV infection as a potential effect modifier of progression to anal cancer.
There are 5 published studies of HPV in MSM in China, only 3 of which examined HPV infection using molecular diagnostics. [17] [18] [19] [20] In light of China's unique ethnic and sociocultural context, and a marked rise in HIV prevalence among MSM since 2002, 21, 22 it is important to examine how empirical HPV findings in Chinese MSM relate to other international studies. The objectives of the present study were to guide intervention strategies for HPV infection among MSM in China by assessing the prevalence of type-specific HPV infections among MSM and identifying predictors of HPV infection.
MATERIALS AND METHODS

Study Design
We performed a cross-sectional study of HPV prevalence using anal swab specimens among HIV-infected and uninfected MSM.
Study Site and Participants
This study was conducted in Beijing, China, from January 2010 through July 2011. A local gay volunteer grassroots organization-Chaoyang Chinese AIDS Volunteer Group-recruited MSM participants from the community, sexually transmitted disease (STD) clinics and voluntary HIV counseling and testing clinics using various approaches, such as website advertisements, outreach to MSM-frequented venues (eg, MSM clubs, bars, and bathhouses), and peer-referrals. Eligibility criteria were as follows: (1) male, (2) self-reported ever had sex with men, (3) willing to provide blood samples for HIV and syphilis serologies and anal swab specimens to test HPV infection and genotypes, and (4) able and willing to provide written informed consent. To oversample HIV-infected MSM, participants were also recruited from an ongoing prospective cohort study where MSM were enrolled using identical inclusion criteria and recruitment approaches. 23 Written informed consent was obtained before the interview, physical examination, and collection of blood samples and swab specimens. 
Data Collection
An interviewer administered a questionnaire to collect information on sociodemographic characteristics, self-reported sexual orientation, age of sexual debut, lifetime numbers of female and male sexual partners, sexual behaviors in the past 6 months, condom use in receptive and insertive anal intercourse in the past 6 months, forced to have sex by a male partner in the previous year, circumcision status, group sex in the previous year, transactional sex with male partners in the previous year, and history of ever having an STD. Clinical physical examination was performed to detect any genital and anal ulcers and warts. The nature of ulcers and discharges suggestive of STIs were described in detail by trained physicians masked to questionnaire data.
Sample Collection and Laboratory Tests
The sample collection and physical examination were performed by trained and experienced physicians at the Institute of STD/AIDS Prevention and Treatment, Xicheng District Center for Disease Control and Prevention and the Beijing Jingcheng Venereal Hospital, Beijing, China. Each participant was assigned a unique code to link the anonymous questionnaire and specimens. HIV infection status was determined by an enzyme immunoassay (Wantai Biological Medicine Company, Beijing, China), and positive samples were confirmed by HIV-uninfected 1/2 Western blot assay (HIV Blot 2.2 WB; Genelabs Diagnostics, Singapore, Singapore). Syphilis serology was determined through rapid plasma reagin (Shanghai Kehua Biotechnology Co. Ltd., Shanghai, China) and confirmed by the Treponema pallidum particle assay (Fujirebio Inc., Tokyo, Japan).
Trained health workers collected anal samples by rotating a saline water moistened nylon flocked swab in the anal canal for about 2 minutes. The swab was then kept in 3 mL of sample transport medium for Tellgenplex HPV DNA Test (Tellgen Life Science, Shanghai, China). Tellgenplex HPV DNA Test is based on suspension bead array method to identify HPV types. Suspension bead array is a technical based on polymerase chain reaction, beads coated hybridization, flow cytometry, lasers, and digital signal processing. Target HPV DNA-specific probes can be coated on the surface of spectrally addressable polystyrene beads. As the beads are internally labeled with a ratio of 2 spectrally distinct fluorophores, the bead lots are assignable to class-specific HPV subtypes. Mixtures of different bead suspensions can be used in the same well of a 96-well plate format allowing for multiplex analysis. To minimize the possible nonspecific competition between partial probes, the manufacturer suggests to report following types combined: 26/55, 40/42/44, and 61/73. Study participants with genotyping positive for any HPV type were determined to be currently infected with HPV.
Statistical Analysis
Data for questionnaire responses, physical examinations, and laboratory tests were entered independently by 2 study staff and verified with EpiData software (EpiData 3.1 for Windows; The EpiData Association Odense, Odense, Denmark). Completed databases were then analyzed with Statistical Analysis System (SAS 9.3 for Windows; SAS Institute Inc., Cary, NC, USA) software.
Descriptive analyses were performed to compare sociodemographic characteristics and sexual and drug use behaviors between HIV-infected and uninfected participants. Pearson x 2 test and Student t test were used to compare differences between HIV-infected and uninfected participants for categorical and continuous variables, respectively. We used unconditional logistic regression models to evaluate the association between each variable and anal HPV infection. Multivariable logistic regression was used to determine predictors of anal HPV infection. All variables with P , 0.1 in univariate analyses were entered into the multivariate logistic model. Crude odds ratios (OR) and adjusted odds ratios (aOR) were calculated, as appropriate along with 95% confidence intervals (CIs).
RESULTS
Study Participants
A total of 1155 MSM provided informed consent for participation in this study. Of them, 969 participants had HIV unknown status before participation in the study, whereas 186 were previously confirmed HIV-infected participants from the ongoing epidemiologic studies. Of the 969 participants with unknown HIV status, 52 (5.4%) were found to be positive in this study. We excluded 59 men who refused the genital and anal examination, 37 because no blood sample was collected, 362 because no anal swab specimen was collected, and 26 because of unusable anal specimens. The final sample size was 671 (58.1%), of whom 212 (31.6%) were HIV infected and 459 (68.4%) were HIV uninfected.
The median age of study participants was 28 years. The prevalence rate of anal HPV infection was higher among HIV-infected participants than uninfected participants in nearly all strata (eg, Han ethnicity, ever married, years of schooling, migrant status, permanent or temporary employment, self-identified homosexual; Table 1 ).
Anal HPV Genotype Distribution
Prevalence of infection with any type of HPV was higher among HIV-infected participants (174/212; 82.1%) compared with HIV-uninfected participants (264/459; 57.5%; P , 0.01; Table 2 ). Among HIV-infected respondents, 17.1% had no HPV detected, 36.3% had only 1 type, 22.6% had 2 types, 14.2% had 3 types, and 9.0% had $4 types. Prevalence of total HPV infection among HIV-infected participants was higher than among HIV-uninfected participants, as was the frequency of multiple types ( Table 2) .
Prevalence of infection with any oncogenic type of HPV was significantly higher among HIV-infected participants (61.3%) compared with HIV-uninfected participants (39.7%). Significantly higher prevalence was found among HIV-infected vs. uninfected participants for HPV types 18, 31, 39, 45, and 56, with a trend toward increased types 16 and 68 as well. For nononcogenic types, HPV infection among HIV-infected participants (20.8%) was similar to that among HIV-uninfected participants (17.9%).
Association of Sexual Behaviors With HPV Infection
For HIV-infected MSM, the only variable associated with HPV infection was temporary vs. full-time employment (Table 3) . Acknowledging low power for our subgroup analyses, students, retirees, and unemployed participants demonstrated nonsignificantly trends toward greater HPV risk. Among HIV-uninfected participants, HPV infection was significantly associated with the following sexual behaviors and presence of STD signs: protected insertive anal intercourse (OR = 0.49, 95% CI: 0.31 to 0.77), unprotected receptive anal intercourse (OR = 1.92, 95% CI: 1.19 to 3.11), forced sexual acts in the previous year (OR = 3.32, 95% CI: 1.10 to 10.0), and presence of STD signs through physical examination (OR = 3.31, 95% CI: 1.42 to 7.73). An association between HPV infection and discharge or ulcers in the anal area in the past year was suggested (OR = 7.64, 95% CI: 0.97 to 60; Table 3 ).
Predicting Factors for Anal HPV Infection
Among HIV-infected participants, unprotected oral intercourse compared with no oral sex was associated with Table 3 ). Among HIV-uninfected participants, HPV infection was lower with condom-protected insertive anal intercourse (aOR = 0.46, 95% CI: 0.28 to 0.75), higher with anal discharge or ulcers (aOR = 8.74, 95% CI: 1.09 to 70.0), and higher with presence of STD signs through physical examination (aOR = 2.98, 95% CI: 1.25 to 7.13). Regardless of HIV serostatus, circumcision was not associated with HPV infection, although the power for this analysis was low. Because of known association between nononcogenic HPV types and clinically diagnosed STD symptoms, we also assessed for possible association between presence of STD signs through physical examination and infection with HPV-6, HPV-11, and HPV-6/11. Presence of STD signs through physical examination were significantly associated with HPV-6 infection (OR = 2.31, 95% CI: 1.30 to 4.04) and HPV-6/11 co-infection (OR = 2.42, 95% CI: 1.42 to 4.12) but only marginally associated with HPV-11 infection (OR = 1.82, 95% CI: 0.82 to 4.06).
Syphilis occurred in 55.8% of HIV-infected/HPV-infected, 50.0% of HIV-infected/HPV-uninfected, 19.6% of HIVuninfected/HPV-infected, and 13.0% of HIV-uninfected/ HPV-uninfected MSM. Syphilis prevalence (34.1%) among HPV-infected group was significantly higher than HPVuninfected group (19.1%) (P , 0.0001).
Predicting Factors for Oncogenic Anal HPV Infection
In univariate analysis, for HIV-infected group, lower education, occupation status as temporal, having 1 female sex partner show higher risks for oncogenic HPV infection; whereas for the HIV uninfected group, higher education and only protected insertive anal sex are the protective factor against oncogenic HPV infection (Table 4) . Multivariate analysis showed that among HIV-infected MSM, lower education was a risk factor for oncogenic HPV infection; among HIVuninfected group, oncogenic HPV infection was associated with lower education and protected insertive anal sex.
DISCUSSION
Our study is one of the few to compare prevalence and correlates of anal HPV infection between HIV-infected and HIV-uninfected MSM in a Chinese city. The HPV anal infection rate among HIV-infected MSM (82.1%) was much higher than among HIV-uninfected MSM (57.9%), a finding that corroborates with evidence in other nations. [24] [25] [26] HPV infection prevalence among HIV-infected MSM varies across studies. Gao et al 19 reported an HPV infection prevalence of 96% (28/29) among HIV-infected MSM in China, whereas a Dutch gay cohort study reported 65% (11/17) . 27 This discrepancy might be partly due to variation in viral clearance, infection incubation time, and the small sample sizes of HIV-infected participants. A recent meta-analysis reports that anal HPV and anal cancer precursors were very common in MSM but there was moderate to high heterogeneity explained by the source of participant recruitment. 28 In addition, different HPV screening and genotyping methods used in the various studies might influence the results as well.
It is thought that immunosuppression from HIV infection not only increases risk of acquisition of new HPV infections but also HPV infection persistence and reactivation of latent infections. There is also behavioral confounding; persons at higher risk of acquiring HIV may be at higher HPV risk because of the same high-risk sexual activities. Whether in HIV-infected or uninfected men, the high prevalence of participants infected with multiple genotypes of HPV is cause for concern. Anal infection with multiple HPV genotypes has been associated with anal intraepithelial neoplasia (AIN) and progression to higher grade AIN overtime. 28, 29 A cohort to explore the interactions between HIV and HPV infection among MSM in China could lead to better understanding of the natural history of HPV infection, persistence, and clearance 4, 30, 31 in a Chinese context. Our finding on only protected insertive anal sex as protecting factors against anal oncogenica HPV infection might be brought into AIN intervention. Moreover, a cohort could help assess the cost-efficacy of possible HPV and AIN screening programs among the MSM in China. 32 The significant correlation between HPV infection and temporary/part-time employment underscores the vulnerability of MSM who lack steady employment and stable income; higher risks were noted for MSM with marginalized social status. Among HIV-infected MSM, unprotected oral sex was the only sexual behavior closely associated with HPV infection, an observation of potential relevance to head and neck cancer risks. However, no association was found between anal HPV infection and number of sexual partners, a finding that contrasts with the study by Nyitray et al. 26, 33 One possible explanation is that there are such high levels of infection by the time they seroconvert to HIV positive that no risk factors stand out. It might mean that the intervention lags behind the transmission a bit later than it should happen in Beijing. Among HIV-uninfected MSM, a history of forced sex with male partners was associated with higher risk for HPV infection. This serves as a reminder that STI prevention programs should recognize human rights issues for MSM. Because of the fact that homosexual activity is not well accepted and that MSM are discriminated against by the general population, MSM, and especially internal migrants, are in a precarious social position. MSM fear that their sexual activity will be exposed to the public (ie, forced "out of the closet") and are disinclined to report issues like sexual harassment and exploitation once encountered. 34 To gain acceptance and be effective, STI programs for MSM must address these social vulnerability issues. 35 HPV-6 and HPV-16 were the most prevalent HPV types in our study, a result that reconciles with many other studies worldwide. 25, 36 Lesions caused by ulcerated STIs provide pathways for acquisition of HIV and both oncogenic and nononcogenic HPV genotypes; our syphilis findings might corroborate this, although a prospective study would be needed to confirm it. 1 Anal cancer is thought to be preceded by high-grade AIN. 37 Among HIV-uninfected MSM, clinically diagnosed STD symptoms were associated with a higher odds of HPV infection (OR = 3.31, 95% CI: 1.42 to 7.73). Screening for HPV infection among individuals clinically diagnosed with STD symptoms may be an effective means of preventing the onset and progression of anal cancer.
There are mixed data on whether condoms decrease the incidence of HPV infection. In our study, individuals reporting having protected sex (ie, using condoms) did show a decreased rate of HPV positivity. The study of Nielson et al 38 showed that consistent condom users had a 60%-77% lower risk of infection with oncogenic HPV, although others have not found condoms to be protective for HPV, [39] [40] [41] perhaps because condoms are unable to cover all the exposed skin susceptible to infection. One reasonable explanation why protected insertive but not protected receptive sex was associated with lower risk of HPV is that participants who mainly practice insertive sex are able to control or dominate the condom use situation. Conversely, those who mainly practice receptive anal sex have relatively less control over condom use. It is conceivable that be unknown to the receptive partner, his insertive partner may have verbally agreed to use a condom but in practice did not. Nonetheless, health promotion, especially condom use programs, might still have a role in reducing HPV transmission risk. Condom programs have been scaled-up among female sex workers and MSM for STI. 42, 43 In a conservative social environment that stigmatizes homosexuality, MSM may be more willing to accept messages promoting condom use than messages discouraging multiple sex partners or sexual concurrency. In addition to condoms, providing HPV vaccinations for MSM before sexual debut may help reduce both anal carcinoma [44] [45] [46] and HIV infection 47 if there could be enough openness in schools and households that sexual preference would be disclosed and met with this pragmatic response. 48 Our study has several limitations. First, the crosssectional nature of the study precluded us from determining the causal direction of significant associations. For example, we were unable to determine if HIV infection facilitated HPV infection or vice versa. Second, study results may have limited generalizability because participants were only recruited from Beijing, a well-developed metropolitan city in China. Third, recruiting a large proportion of HIV-infected participants from another cohort study may have introduced selection and information bias. Study participants may not have been representative of the HIV-infected MSM population in Beijing and may also have provided responses based more on social desirability to please the interviewer than actual experiences. Fourth, we did not collect information regarding sex position during oral sex. Sexual position may have influenced the unintuitive borderline association between protected oral sex and anal HPV infection, but we were unable to test this hypothesis from the data collected. Fifth, our study did not collect data on smoking, which previous studies have linked to anal HPV infection. 49, 50 Nonetheless, our study raises serious concern for HPV infection in MSM in China and demonstrates the importance of HIV co-infection to increase risk. 51 In conclusion, total, oncogenic, and multiple HPV types were more prevalent among HIV-infected MSM. HPV and AIN screening, HPV vaccination, and deployment of the new nonovalent HPV vaccine (if demonstrated effective and when available) should be considered, along with promotion of safer sex to protect MSM in China from HPV infection.
